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ABSTRACT 

Ezperiaents conducted to find ways of teaching two 
and three year olds nathenatical concepts were found to have general 
iiplications for concept learning* The failure of an initial attenpt 
to teach the concepts "fat** and "skinny" led to a design of 
instructional procedures that would utilize a concept *s nane while 
trying to teach its senantic content* A study of variant procedures 
used to teach the concept "round" enphasized the inportance of verbal 
representation, and a final ezperinent, designed to teach "square," 
was perforned to deternine whether linguistic or concrete referential 
contexts were nore inportant* The results supported the linguistic 
approach to senantics rather than the psychological: the relation of 
words to other words appears nore crucial than the relation of words 
to things. Preschool instructional approaches should consider the 
connunicative context of experiences as well as children's direct 
experience with naterialsw (DR) 
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Teaching Mathematical Coneepta to T^o- and Three-year-olda:. Some Experimental Studies 

Patricia Marks Greenfield 

Pasearch tod Development Crater in Early Childhood Education 

Syracuse University 

The concepts^ "fat** and "skinny" "round" rad "square^" were 
vtoicles in a search for vays to teach two-and three-year-^ld children 
mathematical coneepta. Originally this search ifas directed hy some 
ideas about modes of representation proper for instructing children at 
particular developmental levels. These ideas were based on Bruner's 



(I960, 1966) theory in uhidi he describes three forms that cognitive 
maps of the world may assume — enactive, ikonic, and symbolic. 

The cenaetitoo node encodes events in terms of action; the ikonic 
mode in terms of Images; and the synbolic mode in terms of arbitrary 
systems such as language. Bruner (1960) has advanced the notion that 
concepts In a new area are best learned if instruction follows the 
developmental order of the three modes — (1) toactive, (2) ikonic, 

(3) symbolic. Applied to teadiing extremely young children whose 

semantic systems are still fairly rudimentary (McNeill, in press) this 

% 

theordtidal. position could imply first, that enactive and ikonic • 
representation makes possible Instruction in more advanced concepts 
then would otherwise be possible at a given age and, second, that once 
language has developed to a sufficient degree, verbal concepts nay benefit 
from prior training in their enactive or ikonic forms. 

Teachina ''Fat" and "Skinny" 

The first study was an attempt to develop an instructional 
sequence for teaching two concepts of intensive quantification — "fat" 
and "skinny." In the initial phase, which took the form of a 
classical discrimination learning experiment, twelve three-year-old 
children attending the Children's Center (described in more detail 
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lat«r) ifvrtt required to discovor inidor which of two cans or boxoa a ralaln 
had baao placed. Whan the concept to be learned waa "fat” the ralaln 
wan always nnder the container with the larger dlaweter; idien "skinny" 
was the concept, the raisin was to be found under the container with 
the snaller dlanster. To find the raisin consistently^ the child had 
to Induce the quantltatlwe concepts froe Ikonlc and enactlwe Inforwatlon. 
Seeing the cans allowed a visual laage of the concepts to be forebd, 
while the act of llftli« up the cans, to look for raisins provided the 
■aterlal for enactlve representation. In the Initial Instructional 
sequence, the two were exactly alike save for their dlaeeters. 

Ifatts, the stlMilus situation was slnpllfled to ths w ax ln un extent, 
glnee the wsterlals were waxleslly sbstract or noise-free Infomstlosally* 
the prsswsMy had to do a wlnl—i awount of nental abstraction 

to learn the conceptual principle. 

Half the children were taught using the minlmm neater of 
exanples to define each concept unteblguously. The other helf of 
the children were also presented with an extra exsnple of the concept. 
What this neant In practice was that one gro u p received two exanples of 
the concept while the other group received three. A single exsnple 



Infomatlon fron a logical point of view. The question was idiether 
they would do so fron a psychological point of view. The exanples 
were Intemlxed and the order was basically a randon one. The day 








resolves the anblgulty in favor 



las offer no additional 
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eooMpt 



t hf prMwtifiirn o£ a glvaB eoneapt eoivlatat tha 
«M pvaMotad Hi a aartal far*, fianal laforMtiaa «aa atlU praaaat - 
tha child eottld aaa tha palra of atlanli hat aov tha child aaa told* 

"fat thU block ia tha lit caa“ or *^t thia block ia tha ildw »• 

eoocaptaal prcblCB ia aoa a dadactiira oaa* to laaro to apply tha §aaaralia« 
aCioa "fat" or "akiaay" to coacrata aitoatloaa. Tha aaactiaa alaaaat ia 
gaaat for tha child ho loagar aiaii^lataa tha atiaali. Tha aaciaaea of 
piCbliM iaaarbal fora aaa to aaraa aa a poattaat to aaaaaa tha affacta of 

tha aoaaarbal traiaiag pcocadara. 

fl il M •tady haa baaa daacribad ia detail Jaat aafficiaat to 

pfoaaat tha raaalta that arc ralaaaat to tha othar atodiaa ia tfaU projaet. 
Tha fnitnr^ aaa that baaic aoaaarbal traiaiag pcocadara aoa 
a ccaplata flops oaly oaa child oat of tha taalaa aaatarad tha firat aad 
atiplaat loa r^f ag aacaaaca to tha critarioa of ai|^ correct ia a coa aitfH 
ia--tha firat taaafy four triala or taalaa ia a roa tharaaftar. 

Baapita thia teilara. it aaa decided to giaa tha aacbal poattaat 

ai9My to M. .kM eerid b. iMiMd ttom It. «*• •* 

•1^ la • IMT to dM .IthtMB ItM. 0* th* UU ChlldnB 0* 

taalM a.t tl» crttwloa tot oa. or both of tho caacopto "fot" aad "Okloojr." 

Ao far 00 tba oatra asa^U oaa eoaeamad. It aoaaad to hoao a 
aagatlao offoet oa laarala(. thoao eblMraa oho ooto glota aa aatra iaataaa 
of tho too coaeapta farad oorao to tholr ability to apply tha eorroapooMag 
oaibal UbaU "fat" aad "akiaay" oa tha poattaat. Aeoardlap to aa aaalyato 
of oariaaea. thla fladlap attalaad tha .05 laaal of atatlatlaal aHalflaaoea. 
If oarhal eaaaapta ara tha oltlaata padafotiaal yaal, Aaa 
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ptttttly noimtbal mmaam «ppMir» at baat. vary ineffieiantt aecerdliiig 
to thaaa raaolta. Haoy atndiaa hava ahoim that aarbal labala 
in tba diaeoaary of aolotioaa to noaaafbal ooncapt attaiaMBt yiohlaBi 
and a largo ouabar of othara bava Indieatad that rarballaatioii a a haa 
eoneaptual prlaeiplaa aora traaateabla to nav aituatioBa* Faa atadiaa* 
hoaaraTt hava addraaaad thaaaalvaa to daBOftatratlag tha valva of 
foniblating tha eoneaptual prdblcn itaalf in verbal tama. 

Eaaaa'a (1966) atudy of intamadiata alia diaerinlnation and 
tranapoaition la diraetly to tha point hara. One group of ehildran fren 
34 to 63 nontha of ago waa told during training that tha raaard uaa 
under tha 'VMdiun"' atinulua; another group vaa told nothing abou^ 
uhara to find tha raaard. The firat gooup laaraad tha initial 
diaerinination faatar and tranapoaad tha prineipla to nora naa asanplaa 
at varying distaneaa fron tha original pair* even though tha eoneapt 
’^Mdiun" aaa no longer labeled for either group during tha tranapoaitidn 
teata. 

If one thifdw of the connand *^t tha bloek in tha *fat* one" 
aa a verbal rule to obtain raiaina; than Vittroek'a (1963) axpariaant 
on laa rn j u g by diaeovary ia relevant, for ha found that explaining tha 
rule for daeipharing aantaneaa« than letting atudanta uaa tha rule, 
to work asanplai^ produead nora learning, retention, and tranafar of 
daeipharing ability than aiaiply letting atudanta figure out axanplaa 
without firat being given a rule. Tha original learning, noraovar, 
took tviea aa long on tha average whan tha rule waa not given. 

Aa far aa tha nunbar of inatancaa optinal for learning a concept 
ia eoBcamad, thaaa raaulta are in accord with thoaa fron other atudiaa 
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Indicating that nora concrata axanplas of a concapt nora oftan ispada 

laarning than halp it. Tha litaratura in thia araa could parhapa 

baat ba aynthaaiaad by aafing that axaaq^laa mat ba laarnad nail to 

ba of uaa and that a bdlanca auat ba auiintainad batwaan nanory load 

and Haraacuilo 

and complata dafinition of tha concapt (Atiiata^ 1965; Starn, 1965). 

Whara a concapt ia difficult for tha paraon learning it for any of a 

number of poaaibla raaaona, a amall number of inatancaa may ba moat 

and Haraacuilo 

favorable to learning (inata^, 1965; HaraacuLo and A:»atar, 1966). 

Theaa conaiderationa lad to daaigning inatructional procaduraa 
that would utilize a concapt 'a name irtiila trying to taath ita aanantic 
content. Tha advaraa influence of tha additional example of "fat** 
mnA **akinny** cana probably atannad at laaat in part from tha fact 
that all axamplaa vara praaantad before any aingla one waa maatarad. 
For thia raaann it waa decided that in future teaching procaduraa, 
maatary in applying tha concapt within a particular concrata aituation 
would ba raquiaita to going on to a new aituation. Examplaa beyond 
thoaa required for complete conceptual dafinition ware alab to ba 
abandoned. 

A compariaon of mathoda for teaching tha gaoiMtric concapt «■ 
**round** waa tha next atudy in thia project. All tha mathoda uaad 
ware built on theaa laaaona learned from tha atudy that haa Juat bean 
daacribad. 

Teaching *Round* * 

Granted that at laaat aoma verbal rulaa are called for whan 
working with three— yaar*olda , one quaation atill to ba anawarad waa 
how much verbalization to introduce and at what ataga in tha learning 
procaaa. A aacond quaation involved tha forma of action that are 
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pwducti^ for coocpttul l«nH«g. th. .tody o. to«!hta* 

"Ut" and d—onottotod that aara nanlpulatlon of objacta 

pi«y . cMieaptual raUtlonaMpa la not aufflelant. Tha Hontaaaorl 

■Mhod aiVhaaiaaa a aartaln typo, of action ao-eallad "aalf-taachlng" 

MtaclaU (Hontaaaorl, 196*). Thla typo of action conaUta of 
«ith cormctlm faadback; an asanpla la tha action 

Inralrad in fitting puaala piacoa togathar. 

Throe teaching aethoda were coapared. All liwolred tha aaaa 
MqMnca of atlnolna dlaplaya. In each dlaplay tha child waa aakad 
to pick oat tha "roand" one. Hound aoaatlaaa aaant a place of aood, 

a hole, or a cup. The dlaplaya Involved too or three atlaoll; and 

"round” uaa contraated with trlanguUr. aquare, kldney-ehapad, and 
heaagonal. Soaetlaaa ahapa uaa tha only variable; In other dlaplaya, 
calor uaa Introduced aa an Irrelevant varlabU. The dlaplaya uere 

arranged free eaay to herd on an a prl«>r ^ baala. 

In all condltlona the child uaa told uhether ha uaa right or 

wong and Induced to correct an Incorrect reaponae; ha alao uaa 
reuaidad ulth a ralaln iriian right and loat ona uhan urong. Ihla 
telnforcanent or faadback procedure uaa daalgned to -anl-lae learning for 
all ehlldren, and It uaa baaed on tha reaulte of a n»ber of different 
atudlea. One. by nveyer and loldkan (I960) hda ah«« th^^ 
ehlldren learn beat If they are given divUclt verbal feedback on 
both right and urong reapanaea. tollln (1966) and other. I»v. 

that, once a urong reaponae occurs, learning U «Uianc.d 

If tha child la alloued to correct himelf . ilglar, (Zlgl«» 

1962) haa ahoun that louer eUaa chlldr«i do reUtluely better on 

« 

er|c 



Itarnlug tih«ii rewards are concrete^ whereas alddle-elass children 

respond nore to verbal feedback. Both kinds of relnforcer was there- 
fore used In this study. In terms of contlngencles,ii||ster (Elsenberg, 
has demonstrated that lower-class children tend to be satisfied with 
"partial” relnforcemant and that they will not necessarily try to solve 
a problem In order to be correct lOOX of the time unless reinforcement Is 
on an ail-or-pohe basis. One way of approximating this situation Is to 
take away concrete rewards when wrong responses occur. The feedback 
procedure described above Incorporated all of these experimentally 
tested features. 

yiie first Instructional condition consisted- of the label . round 
(used by the teacher) In conjunction with the child manipulating the 
stimuli with corrective feedback of the Hontessorl type. The second 
method was Identical, but the child manipulated the stimuli without 
receiving any corrective feedback. for his action. In practice, this 
meant that, whereas In the first condition the round stimulus was the 
only one that could fit nomewhere . (for example. Into a round hole), 

4n this condition any stimulus would fit Into the large oval hole 
where the child had been asked to place the "round" one. The third 
condition was just like the first, except the label "round" was not 
the beginning of the second half of the training. Up to 
that point the child was merely asked to find the one that "fit," e.g., 

a piece to fit a hole. There was also a control group who received 

% 

no training. 

There were sixteen children In the study ranging from two to 
thTM ym of All childr«i »«(. *!'>« • P*«- “A 

tMt, «*«.»■ nor. Idmtleal. Hilf th. tMt dlopUy. con.l.t.d of n«» 
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stimuli, that Is, ones not used in the training, while the other half had 
been included in the training. Half the transfer items used the verbal 
concept "round” in the instructions but provided no action feedback;, 
whereas the other half provided only action feedback. Similarly, the 
test items which had been directly taught were of these two types. The 
items on the test were randomly ordered and the children were not informed, 
either verbally or with raisins, as to whether they had given a correct 

answer . 

Although all three of the training groups showed more positive 
change from pre- to post-test than did the untrained control group, the 
effect of training on the total test or any of its component parts was 
not statistically significant according to an analysis of variance. 

It is interesting to note, however, that the largest difference between 
the control and training groups' occurred with respect to improvement 
on the verbal transfer items which, it will be remembered, provided no 
action feedback. SimUarly, the differences between the changes pro- 
duced by the various training methods were not large enough to be statistic 
ally significant, either for the total test or for any of its parts. 

Again, though, the largest gain occurred on^the verbal transfer items and 
was made by the children whose training had consisted of manipulation with 
corrective action feedback, as well as labeling throughout. 

Since the results of this study were largely negative, its main use 

was as a pilot to the next study to be described. 

Teaching "Square" 

The "round' study suggested that if correct referential use of 
the descriptive term "round,'" especially in new situations, was the 

ultimate goal of training, then "manipulation with^ corrective feedback 

» 
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plus labeling" might be the best method* The techniques for teaching ‘^square"' 

» * t 

K 

were, consequently, all based on this method, although the sequencing was 
improved to reflect the order of difficulty that had emerged from the earlier 
data. 

The principle Question which this study asked was exactly what 
should the teacher say about the concept to be taught, granted the 
fact that some sort of verbal representation was critical. The 
hypotheses were derived as much from linguistic theory as from psycho- 
logical theories of concept learning. 

Psychologists generally stress the relations between word and 
referent in their treatment of the development of word meanings. 

Linguistic discussions of word meaning, in contrast, revolve around 
the relation of Words to other words (Olson, 1968). The experiment 
on "fat" and "skinny," just described, indicated that increasing the 
number of referential relations of the word in question can, under 
some circumstances, have an adverse effect upon learning the concept. 

But what about increasing the number of verbal relatidns? How doss 

variation in verbal context affect conceptual learning ? The „ „ . 

ike cevicef^t T 

particular way in which this question was applied to teachlng^two- and 

I 

three-year-olds the, conc i pt ^*sqwas<r" was derived from some Russian 
work on the effect of a variety of verbal and action contexts on very 
early vocabulary learning. In one study by Kol'tsova (Razran, 1961)^ 
l^i^V^^onth-old children were presented with a doll 1500 times. 

Half the children were presented the doll in three contexts: "Here is 
a doll," "Take the doll," and "Give me the doll." The other half 




were eisposed to thirty different contexts: the same three plus others 
like "Rock the doll," "Feed the doll," ,and so forth. The test was to 
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'*plclc a doll” out of ah array including the experimental doll, other dolls, 
and other toys; the children vere to learn the range of reference of the 
word "doll.” Those diildren idio had had the experience of thirty different 
contexts were more successful in discriminating dolls from non-dolls and they 
also responded to the task more quickly. Thus, the variety of verbal and 
action contexts in which a word is placed has a positive effect on learning 
its referential meaning, independent of the variety of concrete referents in 
idiich the word is associated. 

In another experiment, Kol'tsova (Raxran, 1961), using nineteen- 
nonth-ol4 children, showed that the variety of contexts in which a word . 
is placed is more effective in teaching the meaniqg of that word than is 
an identical amount of variety of referents or concrete exasiples. In 
this study, the children were taught the meaning of the word "book” in 
one of three ways: (1) using one actual hook and the word "book" in only 

one sentence, with one corresponding response on the part of the diild; 

(2) using one actual book but placing the word "book" in twanty different 
sentences, with twenty different corresponding respdnses on the part of 
the child; and (3) using twenty different books with the same single sentence 
and response used in method (1). The test was to **pick a book" in an array 
of books and other toys. The children exposed to the twenty contexts did 
the best; the children exposed to twenty books did next best; and the group 
exposed to one context and one book fared very badly indeed. Olson (1968) 
concliides from this and other evidence that "semantic meaning is advanced more 
by the definition of words by words and by using words in an appropriate 
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liiiigulstlc context than by exposure to the referents." In terms of 
education, especially compensatory education, this conclusion would 
favor metlu>ds emphasizing linguistic rather than experiential enrich- 
ment. Bere^ter and Enge lm a nd s (1966) academically— oriented preschool 
very deprived children Is one example, as Olson points out. 

Although the evidence points to the value of a variety of 
Unguis lIc contexts on the stimulus side and a variety of action contexts 
on the. response side In teaching concepts of all sorts ^ experimental 
work has been restricted to object names; no one has Investigated this 
vari.able In relation to learning analytic or attribute concepts. The 
study to be described assessed the effect of variety of context on learn- 
ing the meaning of the geometric term "square." 

The role of verbal contrast In fostering conceptual learning 
was the other Issue taken up by this study. The discussions of 
Brown (1958) , Werner (1948) , and Vygotsky (1962) suggest that "true" 
concepts are a synthesis of discrimination and generalization. In 
terms of the stimuli or examples of a concept given In a learning 
situation, this principle Is tacitly assumed: the learner Is exposed to 

both positive and negative Instances of the concept In question. 

Within linguistics the role of contrast Is more central and more 
explicit In Its relation to language learning. On the phonological 
level , for example , the functional sound units , phonemes , are 
traditionally deflndd by oppositional pairs. When a difference between 
phonetically similar sonnds can make a difference In meaning, then 
the linguist knows these sounds belong to different phonemes. For 
example, the existence of the pair of words "pit" and "kit" Is proof that 
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/p/ and /b/ are tv;o separate phoneraes in English. This kind of 
contrast is postulated to be as Itp.oortant in original language learning as in 
technical linguistic discovery. Clearly the contrast case defines the 
boundary of the phonene concept and thus is as crucial to its precise 
definition as the positive instance is. From a logical point of view, 
this is true of any concept. The function of contrast in conceptual 
definition is but another way of affirming Van de Geer and -Jaspers* 
idea that '’having a concept implies that one has more than one concept; 

tf 

it implies a conceptual system (1964, p. 149). In perception, we know 
from the work of Garner (1966) that the array or contrasting items in 
^ which a particular item is found is critical to its Identification. 

There are indications from work in X*?est Africa (Greenfield , 1966 : Price- 

Williams, 1962) that the nature of the contrast cases can be critical 
in determining whether or not a certain classlflcatory principle is 
brought into play at all and that this is more the case the less various 
classlflcatory principles are integrated into a single unified system . 
Similarly it is clear from the work of Lantz and Stef fire (1964) that 
the value of a particular linguistic encoding for identifying or 
remembering ' a stimulus depends on the array in which the stimulus is 
foupd, or more accurately, on whether there are contrasting ways of 
encoding the other stimuli in the array. Is it also the case, then, 
that the ease with which a conceptual label can be learned and applied 
to concrete examples depends on the existence of contrasting terms 
to denote the contrasting stimuli in the array? This question has never 
been asked experlm.entally. Berelter and Engelmann (Osborn, 1969) have, 
nevertheless^ exploited the idea of a system of contrasting terms in 
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teaching disadvantaged preschool children, for they present attribute 
labels froii the outset In the company of their polar opposites. 

Clapatllde (Olson, 1968) proved experimentally that dissimilarity leads 
to awareness. If contrast along a superordinate dimension is the 
essence of a conceptual system, then the emteddtog of a single concept 
within a larger system would be requisite to conscious awareness of 
that concept. This line of thinking leads Vygotsky to the conclusion 
that”a concept can be subject to consciousness and deliberate control 

C 

only when it is part of a system” (1962, p. 92). Thus^ one might 
hypothesize that contrasting terms would be of value not only in 
promoting the bare learning of a particular concept but also In fostering the 
sort of conceptual knowledge which could most readily be put to use by 

the learner for his own purposes. 

The study to be described incorporated contrastive terms into 
the correction procedure and tested the value of doing this for teaching 
the in lawing of "square” to two— and three— year-olds . The particular 

contrastive terms used were therefore dependent on a particular child s 
errors and on the stimulus array. The way in which this worked in 
ppactice will become clear when the teaching sequence and procedure is 
described in detail. 

The Children 

All the children in the study were attending the Children’s 
Center in Syracuse, New York. The Center, organized and run by Dr. 

Bettye M. Caldwell, is a school for €hildrei;\ from the age of six months 
until kindergarten age. Children attend school every day for either 
a full- or half-day. The Center is for the enrichment of lower-Alass 
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children, but about one-third of the children are from mlddle-claea 
hoses. The project being described served as an experimental 

to the regular program, described In detail by Caldwell, 

(Caldwell and Richmond, 1967). It contrasted with this program In that 
Instruction was |lven Individually rather than In small groups. 

The children In this stidy were drira ffbm the- two classroOT^ 
containing the age span from two years, six months to three years ten 
wonths. Because of the small numbers available there was In fact no 
sampling. All the children avalUble for the duration of the study 
were used unless they had a sibling In the study or already knew the concept 
»square"as evidenced by a perfect score on the pretest. Four children 
attained perfect scores; their average age was three years, seven 
months. The average age for the eighteen children In the study 
was three years, 1 month. This contrast In age Indicates that the 
concept was In fact developing In the group as a whole, although not 
at the sane rate for everyone; there were children of exactly the 

sane age who made errors on the pretest. 

As for the social makeup of the groups, three of the four who 
had the concept at the outset were middle-class nlhlte children. The 
fourth was a lower-class Negro. In the group who failed to achieve a 
perfect score, only two out of eighteen were middle-class, one white 
end one black. Of the remaining sixteen lower-class children, ten 
were White and six were black. Thus, class background made a big and 
statistically significant difference In Initial level of knowledge of the 
concept (Fisher Test, p. <,05). Putting this finding together with 
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the first onet we may conclude that, on the whole, middle class 
children were developing < the concept ‘‘square*’ as they grew older 
(within the age range? of the study) , whereas lower-class children 

were not. 

Design of the Study 

El^teen children who. did not Remonstrate perfect knowledge 
of the meaning of "square" on the pretest participated In the study. 
The total group of el^teen children was divided Into three age 
levels. Within a ;:«Jijw:en level, children were randomly assigned to 
one of’ the five groups comprising the study. One-third of these 
children were In a control geoup. These children were not taught 
the concept "square ,^but they were given the "square" test twice — 
at the same Interval as the twelve children who were exposed to one 
of four types of experimental teaching. 



All four groups who were exposed to some form of experimental 
teaching received the same sequence of Instructional materials 
presented In different ways. Baslcall]^ all these children were 
given practice In picking out the square stimulus from arrays which 
became Increasingly difficult as the Instructional sequence progressed. 
The procedure and sequence are described In detail below. The word 
"square" was used In every Instructional condition, and every child 
handled the square stimuli with corrective feedback at least some of 
the time. In other words, all four teaching methods were variants 
on/the "round" experiment had shw#n to be the ^oet promising approach. 
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The fliet variable waa variety of context. Half of the twelve 
children were preaented the word "aquare" In a alngle verbal 
and action context. For example. If the teak waa to find a piece 
to fit a equate hole, the child would be told "The aquare piece 
Juat fits In here(teacher pointing to hole) . Can you find It 
and put It in?" The other half of the children were preaented 
the word "aquare" In multiple verbal contextii; aind toniequentl^ 
manipulated the equate atlmulua In a variety of waya. For 
theae children, eight of the twenty-threeitnatructlonal arraya 
were preaented uelng the type of Inatructlonal aentence Juat 
deacrlbed. But two other type, of verbal contexta were alao 
Introduced: "Put the nquare piece In thin can." and "Give me 

the aquare piece." tte corteapondlng action contexta are clear, 
but It ahould be noted that they Involve no corrective feedback; 
any piece In the array would "fit" equally well Into the can or 
the teacher *8 hand. These two contexta appeared eight and seven 
respectively in the iMtructlonal sequence. 

Each of the two Instructional groups was also divided In 
half according to the type of correction prodedure used. For 
half of each group the correction procedure Involved labeling 
the shape of the atlmulus that had been wrongly picked. This 
was the "contrastive terms" gmmp. The other half of the group 
was corrected the same way except that the contraative label was 
omitted. For example; a child U preaented with an array con- 
alatlng of a square piece, a round plece^and a aquare hole', and 
he is told "The square piece just fits In this hole. Can you 
find It and put It In?" He responda by chooalng the round piece 

er|c 
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If he is in the "contrastive terms" group, he is told: "No, this 

one (teacher points to it) is round . This (teacher points to it) is 
the square one. Can you put it in?" If the child is not in the 
"contrastive terms" group, he is simply told "No, this(teacher 
points to it) is the square one. Can you put it in?" 



Thus, four instructional groups are generated. They can be 
described as follows: 

Croup 1 ; the word "square" is presented in a variety of 

verbal contexts^ and errors are corrected by using 

a term contrastive to "square;"j" 

is presented 

Croup 2 ; the word "square"^ in a variety of verbal contexts, 
and errors are corrected without introducing any 
contrastive terms. 

Group 3 : the word "square" is presented in a single verbal 

context and errors are corrected by uiA||g.;a :gani 
contrastive to "square^-.*' 

Group 4 t the word "square" is presented in a single verbal 
context and errors are corrected without introducing 
any contrastive terms. 

Procedure and Instructional Sequence 

Testing the concent "square "^ 

All the children except one (who was added to the study later 
because two children stopped coming to school) were given the 

**square" pretest individually by one of the regular teachers in the 
school whom the children all knew. The one exception was tested 
by the author. The same form was administered as a positest by 
the author. The procedure was the same both times. Eight of the 
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twelve children who were taught the meaning of "square" were retested 
the day after their training was completed. The maximum Interval from 
teaching to post-test was eight days. The control group was retested 

at the same time. 

When a child arrived, he sat down at a little table with the 
teacher-experimenter and was told "We are going to play a little game. 

When we* re all finished I will give you this cup of raisins." A little 
cup of raisins was then put on the table within the child's sight but out of 
his reach. Raisins were necessary for the posbtest In order to avoid 
a letdown after the teaching phase In which a raisin was contingent upon 
correct responses. The reason for using ipaterlal relnforcers as well as 
verbal feedback has already been discussed * But If raisins were to bo 

given on the posttest. It seemed better also to provide them on the 
pretest so that Improvement from pre- to posttest could not be attributed 
to the differential strength of the two reward conditions. 

Following this Introduction, the child was given a warmup task 
In which he was given practice In taking the test without having to 

shapes. A 1/4" thick black wooden oval frame like this 
was set out on the table along with a 1 7/8" square piece 

thickness taken from the Playskool Form Board and painted red. 
The child was asked "Can you put this piece In here?" (the frame) and 
he was praised when he did so. The test; proper then began. It 
comprised seventeen Items arranged in a random order. In each one 
the task was to pick out the square element from an array and place 
It In the frame which was large enough so that all Items fit equally 
well. The seventeen arrays varied along several different dimensions^ 




of the same 




as can ba seen from Figure 1 in which the teat is pictured. One dimension 
was the form of the object from which the shapes had to be abstracted. The 
form was either a flat shape, like the square piece just described, or a hole 
of the same sise and shape set in a black frame, as in Item 1, or a cup, 
as in Item 2. Similar objects were used for the contrasting shapes, like 
"round" and "triangular." . A -third variable of the displays was color. In 
some arrays., the various shapes were all the same color. . In others, they 
wece different. A fourth variable was the particular shapes with idiich 
square was contrasted. Altogether, nine other shapes were used, ranging 
from round to cl overleaf. How these were distributed throughout the test 
should be clear from Figure 1. Finally, some of the displays (numbers 4, 
11,112, 13, 16 and 17) later appeared in the teaching materials, while all 
the rest (numbers 1-3, 5-10, 14-15) were to be found only on the test. 

I 

As for the materials, all the two-dimensional red shapes and black 
holes were adapted from the Playskool Form Board. The two-dimenaional 
blue shapes weee Gfeptide Playthings Pattern Learning Forms. Europlastic 
Building Beakers and Building Cubes (distributed by Creative Playthings) 
supplied the round and square cups;- The hexagonal cups came from the Child 
Guidance Lear Aing Tower. 

The instructions went like this: 

The square pijsce (or "hole" or "cup") goes in 
here (pointing to the large oval hold). Can 
you find it here (indicating the physical scope 
of the array gesturally) and put it in? 

The exact words could be varied but the key elements — "square" 
used as an adjective, and a gestural indication of the extent of the array 
and where the piece was to be put — were kept constant throughout. General 
encouragement could be given but specific information about wh'ethbr a 
response was right or wrong was not allowed. A child was allowed to 
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change his mind and was given a chance to start over if he picked out 
more than one stimulus. The orientation of the figures was exactly 
as it is presented in Figure 1. 

Teaching the concept "square" . The teaching occurred about five weeks 
after the testing. (The only exception after the testing was the one 

child added to the stt^dy late who waa trained two days after being tested). 

Nine of the children mastered the inatinttional materials in one session, 
two required two sessions, and one child took three sessions to mastor 
the sequence. None failed. 

When the child and teacher-experimenter (the author) arrived at the 
same table and chairs used for the testing, the teacher introduced the 
instructional session like this: "We are going to play a game. Every 

J 

time you are right I will put a raisin in youc cup. When you make a 

. ; 
mistake, I will take e raisin away and put it in my cup. O.K.?" A 

sueceasful attempt was made not to let the child have any raisins to 

eat until the very end. On the last trial the child was told, "If you 

get this one, you can have all the raisins." 

The sequence of materials, which was the same for all four experimental 

groups, comprised five sections, each of which had to be mastered before 

proceeding to the next, theoretically more difficult, one. The total 

sequence is pictured in Figure 2. Each section was made up of a set of 

related stimulus arrays from which the square item had to be selected. 

The procedural elements which varied from group to group will be described 

later. 

In Section A. the "two-dimensional" red square piece used in the 
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protest VS8 concrasted vith one other flat red shape at a tine first 

kidney, then round, and finally triangular. This order vas based on the 

suggestion from the earlier "round" study that the easietb (contrast is 

between regular and irregular figures (square-kidney), the next easiest 

is between straight and curved (square-round), and the most difficult is 

between two straight line figures with different numbers of sides (square- 

triangular). Each pair of figures was preserted' twice with position 

counterbalanced. The child went through all six items in the ordor shown 

in Bigura 2. Then the teacher went back to each pair in which an error 

had occurred. A given pair was repeated until the child got both numbers 

right in the .original order. 

sSdtibn •> 

The secondAConsisted of three arrays in which the same "two-dimensional 
'A 

shapes were presented three at a time. Thus the necessary component skills 
had, in principle, already been mastered in lection A. Each shape appeared 
in two out of the three arrays, and the position of the square piece 
was systematically varied. The resulting sequence appears as section B 
in 6i|ure 2. It was repeated until the child could do all three items 
correctly in their original order. 

. The third section was analogous to the first, but here the shapes 
were in the form of holes cut out of black wooden rectangles* The results 
of teaching "round" had suggested that these "negative" shapes were more 
difficult than the "positive" ones of sections A and B. The stimulus 
arrays ara presented as section C in Bifure 2 and the criterion for mastery 
was the same as for the first section. 

The fourth section was composed of arrapp in which color became a 
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misleading attribute. In all four displays, a **tmo-dlmenalonol** tqAaagle 
mas congrasted vlth a ''two-dimensional" square The two shapes mere aliiaya 
green and yellow. The correct chdice, the square one, alternated between 
the two colors. Thus, If color was used as a cue. It would lead -to error 
hali the time. The position of color and shppe was counterbalanced 
yielding the sequence pictured as section D of flpire 2. The Trondd" 
study had Indicated that the misleading Introduction of color made a 
geometric distinction more difficult. Other research (Heyer, 1968-, 

Osier, 1966; Piaget, 1952) had also shown that the introduction of Imdldvant 
dimensions makes a given concept more difficult to attain. If any errors 
were made, the section was repeated until the child got all four Items 
rl^t In the original order. 

In the f fifth section, the arrays were three-dimensional and consisted 

of pairs of cops. One cup was round; the other was square. As In section 

D color, was Introduced as a misleading variable and the position of color 
4 2 

and shppe wss counterbalanced. The resulting 'sequence Is pictured as 
section E of Figure 2. The "round" results had Indicated that the dcnand 
of abstracting the two-dimensional shape from a three-dimensional context 
would make this section the most difficult of all. 

For the groups being presented the Instructional task In a single 
verbal context, each display In sections A, B and D would be Introduced i 
as follows: 

The square piece just ilts In there (pointing to 
the square hole). Can you find It and put It In? 

The displays of section C. In which It wss a matter of finding the square 

hoie« were Introduced In parallel fashion: 

o 
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This piece (pointing to the equnre) Just fits in the 
square hole. Can you find it and put it in? 

Similarly,, ^e displays of Section B lAich involved cops were presertccl 

as folloos: 

The square cup Just fits in this one (pointing to cnothor 
cup set off to the side) . Can you find it end put f.-: f.n? 

For the groups who were exposed to a variety of verbal ccnr:c::ts, cborb 
one- third of the displays uore presented in the cbovo v:ay. Cn cnothor 
third of the items the children were asked to "Put the cqtvare piece (hole, 
cup) in this can." The contexts were rondorf.y ecsigned to the tuenty- three 
items in the instructional sequelae with the restriction that each centent 
had to eppear in each of the five sections at least once and that they were 
each to appear in the total sequence the secs nuefber of ticss, eo far as 
possible. The actual arrangement of the three contests is indicated in 
Figure 2 by the letters a, b, and c in front of each item. 

When the children erred and chose a nonsquare stinhilus, half of each 
group were verbally corrected in a way that included the use of a contrastive 
geoBietrical term to label the stimulus that had been wrongly chesen. For 
exaople, if a child picked out a triangle, the teacher-experimenter would 
point to the chosen stimulus and say, "No, this one is triangular. This 
(pointing) is the square one. Can you put it in? The other half cf each 
g ro u p would be corrected without being introduced to a contrastive term! 

"No, this (pointing) is the cquare one. Can you put it in? 

As has already been mentioned, there were some features of the feed- 
back situation that were constant gcross groups: 

(1) getting a raisin for each correct response; 

(2) losing a raisin for each incorrect response; 

(3) verbal acknowledgment of each correct response; 

(4) 
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Statlgtical Analysis 

The Min analytic tool naa an analysia of variance and of co- 
variance (Steel and Torrie» 1960) in which the dependent variable vaa 
change in teat acorea fron preteat to poatteat. Initial level of 
knowledge of the concept aquare, aa diaplayed on the preteat, aerved aa 
the covariable. It waa thought that the uae of initUl acore aa a 
covariable would increaae accuracy in determining the effectiveneaa of the 
various instructional nmthoda by taking into account the **law of 
initial valuea”: the more initial errors, the more "room” for improvement. 

This turned out to be the case. There was a correlation of .27 between 
nuiiber of ^.initial errors and amount of improvement. A comparison suggested 
by Steel and Torrie (1960) of the treatment variance before and after 
adjustment for initial level indicated that the introduction of the covariable 
into, the analysis yielded a 9X gain in precision.: 

The basic analysis dealt with five treatment groups, each composed 

three age levels. 

Results • . 

t 

Age was not a significant factor in determining either initial score 
or improvement. Thus, the objective of comparing various instructional 
techniques in terms of their effect for a single age group could be pursued, 
and age was not taken into account in the remaining analyses. It must be 
reme^red that the children spanned only the range from two years three 
months to three years ten months; and, in fact, the expected trend for older 
children to start out with higher icores did appear. 
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The beelc Uet eboot the Inetructtonel procedures use thet they were 
eueeeeeful. the everege pretest score for the entire group of eighteen 
children nee ebeut 501 correct or 8.2 out of e totel of 17 itSM. the 
control group shoned, on the everege, no chenge on the poetteet in their 
of the concept eguere. to contreet. the four inetmctionel 
groups eltotnetpd nn everege of 5.3 errors. These groups hed eterted e 
little loner thet the control group nith en eeerege of 9.5 errors per 
child. In other norde, treining elinineted 58X of ell errors, the 
enelyeie of coverleoce, sunnnriied in Teble 1, indiceted thet the 
verieue tretenent groive, including the control group, did reltobly • 
differ fron eech other in enonnt of chenge fron pre- to gostuet, controlling 
for initiel ecore. This overell effect etuined the .005 level of etetieticel 
eignificence. Sven nithout etetieticel control of initiel level, hen* 
ever, the groupe deeonetreted reltobly different eaninte of topreveMot. 
the enelyeie of vertonee of the chenge ecoree yielded en overell difference 
thit nss sttEieticelly elgnlftoent et the .01 level (F • 5.68; df • 4^13). 

Fee* end poettoet ecoree in terns of pereenuge correct ere presented 
in tobU 2. the lergeet inpreveMnt nee registered by the group nho nern 
eepesed both to the tern "eqnere" to e vertoty of verbel end eetien 
eonteste end to contreetlve terns nhen they node errors, this group hed 
elinineted 96.4X of its eirroce upon roteeting. Dunnett'e toot for 

e eertoe of eoeperieone nlth the neen of e single control group 
,hff irt e thet this group nee reltobly different fron the control group et the 
,01 lehel of eutietieel eignificence. Ac in the renelning reeulte to 
be reported, this cenpetieen reletec to chenge ecoree corrected for initiel 

level of eoepetenee. 
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The two groups who were not exposed to^oontrestive terns showed 
elttost identicel improvement. Of these two, the one which had been 
exposed to e variety of verbal and action contexts eliminated 63.6X'of 
its errors;' the one that had recieved the term "square" in a single 
context eliminated 57.7% of its errors. Both these changes were reliably 
different (at the .05 level of significance) from the total absence of 
change registered by the control group. 

The fourth instructional group, the one exposed to the term 
"square" in a single contest and to contrastive terms in the correction 
procedure eliminated only 21. IX of its errors. This improvement was 
not large enou^ to differ from zero in a statistically significant 
fashion. 

Let us not compare the four instructional groups with each othei^ rather 
than with the- control grouf^in order to see precisely how the two 
instructional var iables' were' opera tiftf,. 

Variety of context exerted a strong positive influence on learning the 
concept. A one-tailed t-test indicated that the effect of this factor 
was statistically significant at the .025 level (t * 2.4; ^ * 7). On the 
average, scores (corrected for initial level) improved 7.25 points more for 
children exposed to square in a variety of contexts than for those exposed to 
the concept in a single context. 

The use of contrastive terms did not, in itself, affect learning the 
concept. There was, however, a sizeable interaction between the 'two 
factors such that the use of contrastive terms in the correction procedure did 
facilitate learning when it was used in combination with a variety of 
contexts. A two-tailed t-test indicated that this interaction effect 
achieved statistical significance at the .05 level (t • 2.4; ^ * 7). One 
o 
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tULj conclude that contrastive terms are o£ use under some conditions but not 
others. A look beyond the number o£ errors to the nature o£ errors provides 
some interesting insights into the cognitive processes involved in utilising 
a contrastive term to learn a given verbal concept. 

Let us £irst look at the grrors on the pretest. The ultimate goal 
o£ this analysis will be to show how the preexisting semantic system 
o£ conceptually related terms determines the e££ect o£ contrastive terms in 
learning a concept. 

The analysis o£ errors on the round test in the earlier study supported 
the idea that identi£ying an example o£ the concept became more di££icult 
when the nundier e£ .items in the array got larger and when it was necessary 
to abstract the two-dimensional shape £rom a three^imensional object. 

An analysis o£ errors on the square pretest indicated that these £actors 
were much less poser £ul* Instead, a tendency to con£use round and square 
emerged as the greatest source o£ error. In order to understand the 
underlying reasons £or error, it is necessary to look at the relative 
di££iculty o£ various sorts o£ array alter di££erential chance rates o£ 
success have been statistically controlled. The larger the array, the 
lower the chance rate o£ success. The di££erence between the observed and 
the chance rates o£ success £or a given item can be used as a measure o£ 
relative di££iculty. It is clear £rom Table 3 that the inclusion o£ a 
round stimulus makes an array more di££icult. This di££erence is 
statistically signi£icant at the .01 level according to a Fisher test 
(two-tailed) . In £act i£ we shi£t vantage points £rom item di££iculty to 
the nature o£ errors, SOX o£ the total o£ 160 errors consisted o£ 
picking out the round stimulus' instead o£ the square one. 
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What is the significence of this tendency to confuse round end s<ioare7 
Is it simply ettributeble to the feet thet certein children (randomly 
distributed emong froups) were exposed to the concept round in the eerlier 
study? This is not the cese, for both the "experienced" end the "inexperienced" 
group everege between four end five of these errors per child on the pre* 
test. The eerlier experience with round does not effect totel errors 
either: the experienced group everages 9.2 pretest errors out of 17 items, 

while the inexperienced group everages 8.5. Thus it eppeers thet, son- 
how, round is the more besic, perhaps the unmerked concept in this perticuler 
situetion. 

The epplicetion of the unmerked-nrked distinction origineted by 
Jekobson (1969) would leed to the following hypothesis: the unnrked 

geontricel shape — round — will be the first to be recognised es such 
by the child end he may take for granted that all geontric . tem refer to 
this category. This initial hypothesis must then be corrected through 
appropriate feedback. 

This ergunnt is based on the notion of a predetermined or natural 
order of concept acquisition. The only other possibility is that the 
round-square confusion reflects the influence of earlier geontrical teaching. 
Since twelve of the eighteen children in this study had been in a previous 
systematic study of geometrical discrimination conducted by Henning and 
Hayweiser (1968), we have some evidence that bears upon this point. In 
that sttidy the children were to learn a circle-triangle discuimination. 

First they had to learn to choose the arm of a t-maae containing a large 
triangular stimulus. Then the regarded stimulus was reversed and the children 
had to learn to choose the "round arm" of the maae. Since all the children 




had laore experience with the triangle as the positive stimulus than with 
the circle and since only thrae out or the twelve ever mastered the 
concept round in the reversal situation, this nonverbal experience should, 
if anything, have worked in the direction of diminishing the tendency to 
choose a round stimulus. Therefore, their results tend to discredit 
specific experiences as the critical factor in generating the tendency to 
round*cquare donfusions. Henning and Hayweiser (Henning, personal communication 
1969) fbuitid, moreover, that there. was a definite tendency to start out in 
their learning procedure by choosing the arm of the maze containing the 
round stimulus even though it appeared on the opposite side from the child's 
previously determined preferred position. Thus, the chape round seemed 
perceptually dominant for a substantial group of these very seme 
children even a year or more before the present study was begunt 

What is interesting is the way in which previous ejrpericnoe with the 
term "round” determines the effect of using contrastive terms in the cor- 
rection, procedure. It turns out that contrastive terms do effcctivcjiy reduce 
confusion betxjcen "round" and "square" the child has been systematically 
exposed to the semantics of "round" in the study reported above. Without 
previous exposure to the term "round" the introduction of contrastive terms 
has a negative effect. This relationship is illustrated in Tabic 4, From 
the table, it seems as though failure to mention the tern "round" is as 
effective for the "inexperienced" child as is the "round"-"square" centrast 
for the "experienced" child. This makes sense in terms of the hypothesis that 
round is the unmarked class. If this class is unlabelcd, then a single 
label ("square") suffices to mark a new subdivision. In such a case, 
introduction of a second term simply means that tt?o things must be leerned 
at once, an additional cognitive burden. If, hox:ever, the unmarked class 



is already labeled ("round") , then this label tends to assimilate nev. 
labels to it semantically. In this case, explicit contrast betveen the 
names used to denote the two categories is needed to subdivide the 
generalized concept of round into round and square. 

The effect of contrastive terms in the correction procedure is specific 
to the rbund-sq^fe confusion. Com involving verbal contrast does 
not reduce other types of error, even for the "experienced" children. 

This result is certainly logical, for even the experienced children had not 
been systematically exposed to contrastive terms other than "round". In 
practice, moreover, th<i Introduction of contrastive terms meant primarily 
contrasting "square" with ^*rondd", for 56Z of errors during the teaching 
phase consisted of mistaking round for square. 

From these data, emerges the idea of appropriate and inappropriate 
introduction of contrastive terms. Contrastive terms really ’means the 
single term "round" here. "Appropriate" applies both to the case where the 
term "round" is not introduced because of lack of requisite semantic 
experience and to the case where the term ^ introduced because the eelevant 

experience has been acquired. Raving redefined the contrastive term 

\ 

variable, we can now^ see whether it is in fact a significant factor in 



learning the concept lare. The next step was to do new analyses where 



correction procedure. ' Since appropriateness of the correction procedure 

j 

seemed to affect roundfsquare confusions exclusively, reduction of this type 



of error was separated tout from reduction of all other types of confusion. 




i ( 

children were placed jin groups according to whether or not they were exposed 

j 

to multiple contexts and appropriately introduced to contrastive terms in the 
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of introducing contrastive terms into the correction procedure — vere 
assessed separately for their effect in reducing ''round”-"Gquare" con« 
fusions and in reducing all other types of error. 

Let us first 'look at the effect of variety of contexts and appropriate- 
ness of the correction procedure on the round-square confusion. Ths 
relevant data are presented in Table 5. The two groups where presence or 
absence of correction by verbal contrast was appropriately fitted to previous 
axperience show greater error-reduction than the two groups who were 
corrected inappropriately in this respect. Summing data for the two groups 
iflio were appropriately corrected , we find that 23. pretest errors were 
corrected on the posttest, five errors remained, and three new ones appeared 
on the posttest. B^contrast, in the ^o^^ 

13 pretest errors were corrected, 10 errors remained, and three new 
ones appeared on the posttest. Table 5 shows that multiple contexts 

^ soBieidiat smaller effect upon round-square confusions. The fact that 
multiple contexts reduce round-square errors less than the appropriate use 
of labels in the correction procedure lends further support to .the idea 
that the development of the meaning of "square” can be understood in part 
as the superposition of lexical marking upon the unmarked concept "round" 
Shifting now to all other types of error, we see >from Table 6 that 
multiple contexts have a large effect on reducing those errors which consist 
of confusing square with shapes other than round. The appropriateness of 
the correction procedure does not affect these errors, however. Ibiltiple 

gHist , therefore, be functioning to help the child who is experienced 
with the label "round" to distinguish square from other shapes not yet labeled. 
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As for the "inexperienced'* child who hes presunebly not yet labeled e¥en 
round, multiple contexts nmy begin whiere simple labeling leaves off. 

They may help the child to make finer distinctions between shapes that 
are perceptually less distinctive. 

Apart from the effects of various teaching procedures, it is of 
interest to take a closer look at what was happening while the children 
were being taught in order to obtain some direct information on the nature 
of the lemming process itself. Are certain of the instructional variables 
under discussion conducive to fast learning and is fast learning really 
efficient in terms of growth 4d knowledge of thejconcept being taught? In 
fact, thera is tremendous individual variability evan within instructional 
condidtions. Table 7, which presente the nuoiber of errors before mastery 
for each child, shows how individual variability in speed of learning tends 
to be as large within a given instructional condition as from group to group. 
Similarly, looking at amount of improvement and rate of learning in terms 
of the possible influence of social class, we note first of all that the teach- 
ing method succeeded with a predominantly lower-class group. Although thera 
were only two middle-class children in the instructional groups, it is 
interesting that, on the average, they improved virtually the same amount 
(7.50 points) as did the comparably taught lower class children (6.75 points). 
The two middle-class children did, however, master the instructional 
sequence somewhat faster on the average (2.50 errors to criterion) than tha 
lower-class children (7.50 errors to criterion). These are desirable results 
from a pedagogical point of vie^ for they indicate that instruction has 
truly adapted itseH to individual variation in learning rates whatever 
its origin, as well as to variation in initial level of mastery. 
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Dlecueston 

Tht overall succcta of the Instructional methods are relevant to 
a discussion of the question of mhat modes of representation are most 
effective In teaching two- and three-year-oldschtldren. In all cases; 
the children being taught the meaning of "square” were presented during 
the teaching phase with a representa^on In three modes simultaneously » 
the enactlve, the Ikonlc, and the symbolic. The enactlve mode entered 
when the child picked up the square object and did something with It. 

For some children, the particular act varied from array to array. 

The stimulus arrays themselves furnished an Ikonlc representation both 
of the class of square things and of contrasting classes of geometric 
shapes. Mbre Important was the fact that the solution to the problem 
was represented In all three modes. The word "square" Inserted Into a 
comnand provided a symbolic representation of the solution. There were 
moreover, perceptual cues and kinesthetic feedback on at least one-third 
of the training Items in the form of somethlngt/wlth which the square 
thing would fit. This additional square stimulus thus provided an Ikonlc 
and enactlve reipresentatlon of the solution to the problem of discovering 
the referent of the term "square." 

The slmultaneium representation of the probiim In three modes 
during teaching resulted In an ability to deal with the concept later on 
In the posttest when primarily different exemplars were presented In a new 
action context with no Ikonlc or enactlve cues to the solution. During 
testing the only representation of the solution was the symbolic term 
"square." These reeults suggest that the Ideal sequence of representational 



34 « 



nodes for teeming eymbolic concepts cen be incgined es e gredusl peeling 
eeey of enective end ikonic support from sn originally triowdel representstionsl 

structure. 

The contrsst between this experinent where the child is fsced with 
' s trinodel representstion contrssts with the first study of tesching "fet** 
end**Chkfn|tyV There, slthough the child hss visusl end kinesthetic 
contect with exeaiplsrs, the solution^ i.e., the concept^ is reslly not 
represented in eny node st ell. The "fst" end "skinny" posttest^ in idiich 
the solution wss represented by s Isbel, denonstrsted the effectiveness 
of a verbal representation. The absence of eny representation of the 
solution is idiat is usually neant by the tens "discovery" teeming. In 
the litersture, it is opposed to directed teaching or to "guided" discovery." 
Evidence seesis to be sccunulating thst pure discovery is the least suc- 
cessful asthod for tesching specific concepts end thst it does not 
inprove the trsnsfersbllity of e concept either (Kersh and liittrock, 1967). 
Discovery sathods seem to be useful idien the sia is to tesch techni^es 

of discovery, per se. If, however, the task is so difficult thst the 

discovery 

lesmerddoes not succeed in discovering the concept, then the^techni^e will 
not be reinforced either (Kersh end Wittrock, 1967). The lapotslblllty of 
. discovering the concepts "fst" snd "skinny" in thefflrst experiaent suggests 
the ides that other analytic concepts snd^iiideedj aost concepts upon which 
school focuses asy be too difficult st young sges to be "discovered" 
successfully. If so, then the prsctice of requiring discovery^ ss in the 
aethods used to tesch "fst" snd "sklnnjg not only fsils to tesch the 
concept but wmy slso discourege the developaent of theddiscovery process 




itself. 
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The nethode used to teach "fat" and "alinny" contrasted with those 
used to teach the concept square in a second respect: two or three 

examples of the concept had to be mastered simultaneously. The results 
there indicated that the extra example actually hindered learning. In 
the methods used to teach the meaning of "square," a given exaaq>le 
(presented in positional permutations) was always mastered before the 
child was exposed to new examples. (Where it was a question of learning 
that color was irrelevant, a single example actually consisted of two 
displays.) A third difference from the earlier study was the absence 
of prolonged repetition of stimulus displays. This time it was possible 
to face each stimulus display only once, whereas in the earlier study 
the minimum number of repetitions in the learning sequences was four 
under two of the conditions. Repetition, had had such a negative effect 
on the children in the first study that it was almost impossible to 
complete this experiment. This was one of the motives for making variety 
an explicit variable in the final study .- 

One feature that the two studies had in common was the use of both 
naterial and verbal corrective feedback for ri^t and wrong responses, 
and self-correction for wrong responses. The results of the two experiments 
clearly show that such theoretically optimal feedback is not a sufficient 
condition for learning a given, concept, althou^ it may be effective when 
the proper representational conditions are met. 

While it is interesting to compare the methods used in the two studies, 
the difference in the success of their teaching techniques could be due 
to any or all of these three reasons and to some others besides. never- 
theless, it seems useful both for future research and for practical appli- 
cation to make these differences explicit. 
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SlidUrly, a eoaparlaon of tha tachnifttaa naad to taach aoand 
•ith thoao oaod to teach iiqiiara aoggeata aoM Intaraatlng poaalblUtUa. 

Tha aarlabU In tha round atudy dealt with tha fotna of action rapraaanUti ca 
and tha tintna of varhal raoraaantatlon. HeithercaaMd to nat^ vary 
■ndi. In tha aqoara atndy the varlablaa all Involved tha Ugm of narba l 

and the dlffarancea nera aich larger. Alao, the untan^t 
control group *ouad aoM Inprovawnt In tha round atudy uharaaa they did 
not in tha aquara one. Farhapa It uaa natural to attach a label to tta 
■oat parcaptnally donlnant category of atlwll, tha round onaa, tdiarcaa 
it ilMonittf nora apeclfic aaparlenca to label lha laaa donlnant ayiare 
category. Thla reanlt, therefore, la another place of pvidenca In favor 
of tta hypothaala Uiat round la tha uoMthad or nora baalc saoMtric 

concept on hhlch tha aqnare category la aupcipoaed. 

Tha aapartaant on taadilng "aquara" actually varied the foi» of the 
verbal content in uhlch tha tom ’•oquara" uaa placed nhlla holdlns all 
other factora conatant. Paychologlata havu Undad to devote a great deal 
of energy to tha quaatlon of idwtiier verbal rapreaantatlon antara Into 
concapt fornntlon ataall and have generally neglected the problcM of 
.hat for. thla raproaentatlon ahould taka. It la. diarafora. Intwcaatlng 
that varlablaa routing to for. of verbal rapraaantatlon ahould turn out 

to bo auch pounrful onaa. Thla pllnt la aapaclally Intaraatlng alnea tha 

diildran uera ao poung. aaarly, tha original Idea that pure action 

bo •at aultod to thla davalopnantal level uaa enploded by the raoulta 
of aaveral atudlaa. Tha enp.rl.ant on teaching oquara aeca to Indicate 
that uhat la aald about a given concept label la aa Intiortant to tte 



dttvelopaeiit of tht child's definitioa as whether the concept is labeled 
at all*. Tha wain effect of a variety of verbal contexts on the stianlus 
side seens to be in asking exeoplars of a given concept distingnishable 
froa contrasting stionli which have not yet been organised into definite 
categories. Once a contrasting category along a given dioension has been 
organised the effect of onltiple contexts is nnch snaller. Such a 
category tends to be ove^r-generalised to other stiouli in that dioension 
and the form of correcting this overgeneralisation becooes crucial. 
Labeling the category to be leamdd is an ideal way to nark it if the 
child has not yet labeled the overgeneralised contrast class. If he has, 
however, then effective teaching scCiW to require explicit contrast 
.between the two labels in the correction procedure. 

The deleterious effects of using a contrastive . label to correct 
children iriio do not already understand that label fairly well seens 
analogous to the deleterious effects of adding an extra exenplar in 
the "fat"- "skinny" study: there is too nuch to learn at once and 

partial learning results in interference. 

Hots that nultiple verbal contexts on the part of the experinsnter 
involved nultiple action contexts on the part of the childr^ This latter 
nay be crucial to the effectiveness of a variety of contexts, although 
speech and action factors cannot be disentangled in this experinent. 

110 nay have found a nore precise way of understanding the frequent 
observation that children do not learn vaat is irrelevant and that they 
sonatinas do not display their "true" abilities for want of notivation. 

If one thiidce of the action context as providing a goal, then the nsaning 
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of a particular word included in the directions becoues a aeans to this 
goal« One could say, at a nolecular level, that the concept has 
"relevance” in a broader task structure and that the child now has a 
"reason" to learn its aeaning. Recent studies of nonverbal skill 
developoMnt suggest that, indeed,. tte goal precedes the neans ontogenetically: 
and that when a successful neans first cones into being it is indis- 
soluble from the goal uhich notivated its existence. Only gradually 

(Bruner,' 1968). 

does it beoMe a separate entity^ If this is true for concept learning 

as veil, then the iiq^lication is tint the broader the variety of ends 

for nhich a given concept can be used, then the nore likely it is to 

achieve an independent life of its own. Surely in everyday life these 

concepts most inportant to action are the ones placed in the greatest 

variety of contexts and therefore learned the nost thoroughly* If this 

to learn 

is true, then notivatipnj^and the hierarchical structuring 

of a task in terms of means-end relationships turn out to be one and the 
same thing. The role of familiarity then becomes that of providing a 
higher order structure into which the unfamiliar can be fitted as a 
necessary co^Kment. 

There. are several types of variety in this itudy^and variety probably 
has several differest effects. First of all, there is the variety or non- 
repetitiveness of the stimulus displays, a quality which contdasts 
with the approach of the first study. Certainly this difference must 
be partly responsible for the much more enthusiastic response of the 
children to the procedures used to teach the concept square. At the same 
time, we see that sheer variety can have adverse effects on learning if 
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It 1» MtocUted with Increasing the maber of things to be laeasnred 
slniltaneously. One wey to deal with this potentUl conflict is to 
ensnre wastery of each new eleiant as It erlses. This was one strategy 
in the square study. Another way Is to provide e variety of fffllllss 

eleMnts. tk^e vdrbel end action contexts In which square was enbedded 

did exactly this a 

All these types of variety - sttaulus arrays, words, and actlona - 
could be operating to Inprove learning through enhancing attentlonal 
processes. Certainly there is a great deal of evldenca that variety has 
this effect (Flake and Msddi, 1961). This effect ought to be operative In 
ail of variety, but it cannot explain why a variety of verbal and 

action contexta has a positive effect on learning that Is s»ch Urger than 

that produced by a variety of referents. 

The variety of vejrbal and action contexta certainly promtes the 
relevance of the concept, as has been discussed before. Italtlple verbal 
aay also be particularly useful In Illustrating the senantlcs 
of «•«« which have no stable relation to extrnllnguistic contexts, that 
is, to concrete referents. Somt vocabulary test data Indicate that it 
la Just such words which pose the greatest ptohlew for lower-class 
children (John and Goldstein. 1964). This finding Is consistent with 
this line of reasoning, for It Is fairly well estabiished that lower- 
class people tend to rely relatively sore on extrallngulstlc context 
ud relatively less on linguistic context In their use of language for 
coHMinicaticm (Greenfield, 1967). 
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The results of a study by Werner and Kaplan (1950) provide yet 
another reason vhy multiple contexts might be more effective than a 
single. context in teaching a concept. They found that younger children 
do not differentiate a mord from its verbal context and may regard a 



If this is so* then variable contexts may help in establishing the in- 
variant properties of word and referent. 

Inttacms of preschool education, add in particular, the results 
of this series of studies seem to indicate that what is said about concrete 
experience is more important In the semantic development ofanalytic 

terms than the nature of the experience itself. This conclusion aaam' 

\ 

to support Bereiter and Engelmann's (1966) approach to the education of 
.severely deprived preschool children, for they use a wide variety of state- 
ment forms or logical relations in connection with a small variety of 
concrete referents. On the other hand, if the action context constitutes 
a goal idiich given relevance to the words embedded in a related sentenea^ 
then use of a given concept in a vide variety of meaningful situations 
could be a critical factor. 

In general, these experiments support the linguistic approach to 

semantics rather than the psychological: the relation of words to other 

words appears more crucial in semantic development than the relation of 

words to things. They also call for a rethinking of preschool instructional 

and 

approaches. These have emphasised direct experience with mater ials^hava 



place. Tte study of ways tdw:<thach the meaning of the term "square” to 



given word as carrying the meaning of the whole of a part of the context. 




two- and thraa-yaar-olds that has bean reported hare suggests that 



systaoatle examination of this question may bear fruitful results 
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Tabl« 2 

PareoDtasa Items Correct on "Square" Test. 
Before and After Instruction 







Table 3 



late of Succeaa an Pteteat for - 
Arraya with and wlthont tound Stianli 





Arraya with round atinnli 


Arraya without romd at Inal i 


nigh aoc^eaarata 
(from 2n to^ll above 
chance) 


1 


7 


liOv auceeaa rate 
(fron 161 belov chance 
to 81 above chance) 


8 


!♦ 
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*2, <«01 






Tabu 4 



laprovaMnt in Making lound-Squara Matlnctlon ftoa 
Prataat to Poattaat: Efface of Xntrodoclng tha Gontraativa 
Tan **Roand** with and vlthovt Pravioua Scaantic Exparlanca 



Bound introdocad as Bo contraatiaa tan 

contraativa tan Introdncad 



Pravlooa axparlanca 



Individual iaprovanut 


42 

+3 

44 


with sound - 


-1 

41 

44 


Group Maan 


3 




1.3 



Bo pravioua axparianca 
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with round - 
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Individual isprovi 
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nu^AMr ox lunt round- squara 
confusions on posttsst 
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Total Nuabar of Brrora Mada by Each 'Child 
Bafora Maatary of Inatnictlonal Saquenca 
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Display* for testing understanding of tern "square" 
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VERBAL AND ACTION CONTEXTS 



a. Just fits 



b. ln can 



c. Give to teacher 
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Fig. 2. Sequence of dlepleye used to teech meenlng of term "equere" 




















